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In many 1-D quantum materials, the magnetic order disappears due to the geometrical frustration 
and quantum distortion of its low dimensionality. In such systems, the ground state elementary 
excitations cannot are formulated by non-local and non-linear transformations of the spin operators. 
The elementary excitations are known as spin-1/2 spinon for Tomonaga-Luttinger spin liquid and 
spin-1 triplon for spin dimer system. These excitations are investigated in the context of the 
quantum spin community but are still a new field in spintronics. As a central concept of spintronics, 
the spin current is the flow of pure spin angular momentum. The conducting electron spin current 
and magnon spin current are two of the most famous and most investigated spin current in the field 
of spintronics, but generally, a quasiparticle with non-zero spin can also be a spin current carrier. 
Recently, a new spinon spin current in a quantum spin liquid has been discovered. This discovery 
extends the concept of spin current to quantum spin systems and encourages us to pursue the spin 
current carried by triplon excitations. The aim of the first part of this dissertation is to investigate 
the transport phenomena of spin excitation in low-symmetry magnetic structures: the spin-Peierls 
system.  
 
The first part consists of three chapters: chapter 1-3. In chapter 1, we show basic concepts of spin 
current and other spin current related phenomena such as the spin-Seebeck effect and the inverse 
spin Hall effect. In this chapter, the basic physics of one-dimensional spin systems (Tomonaga- 
Luttinger spin liquid and spin dimer system) are also introduced.  
 
In chapter 2, we describe the sample fabrication, evaluation, and measurement details.  
 
In chapter 3, the observation of triplon spin current in a spin-Peierls material CuGeO3 is 
discussed. CuGeO3 was the first inorganic material to show a spin-Peierls transition and was often 
used to study the spin excitations in spin-Peierls systems since it is possible to obtain larger single 
crystals than organic ones. The spin-Seebeck effect was measured by applying a magnetic field in 
the platinum film and a temperature gradient on the c-axis parallel to the one-dimensional spin 
chain after the film was deposited. As a result, a spin-Seebeck signal in CuGeO3/Pt was observed 
only in the spin-Peierls phase. In addition, the sign of the signal is opposite to that of conventional 
ferro-/ferri- magnets. This difference in signatures is consistent with the fact that the spin 
polarization direction of the triplon is opposite to that of the magnon. We have also constructed a 
theory for triplon using the Boltzmann equation of relaxation time approximation. By taking into 
account the impurity scattering of the triplon, the theoretical calculations qualitatively reproduce 
the signal observed in the experiment. 
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The second part (chapter 4) is the search for the transport phenomena of superconducting vortices 
in a one-dimensional magnetic domain. Superconducting vortices are topological excitation in 
second type superconductors and are topologically protected and therefore not dissipated in the  
sample. A vortex has a normal core, and the superconducting order parameter are suppressed in a 
length scale of ξ around the core. It also consists magnetic flux, with a penetration length of λ. The 
application of spintronics using vortices, which also carry angular momentum, has recently been 
reported. For example, long-range spin current transport was investigated using vortex flow.  
Vortex is a magnetic object, making it a microscopic probe for local magnetic fields. The velocity of 
vortex is proportional to electric resistance of superconductor and we can use it as an index of the 
mobility of vortex. To regulate the flow of the vortices, the transport of the vortices in 











Chen 氏提出の論文は、ダイマー絶縁体 CuGeO 3と金属 Pt の接合系、および複雑な磁区構




化物 CuGeO 3 において初めて確認された。スピンパイエルス相のスピン素励起は、トリプ
ロンと呼ばれるスピン 3 重項励起である。トリプロンはスピン角運動量を運ぶためスピン
トロニクス機能の発現が期待されているが、その輸送特性は全く知られていなかった。本























く評価される。以上の内容は、提出者の Yao Chen 氏が自立して研究活動を行うに必要な
高度の研究能力と学識を有することを示している。したがって、Yao Chen 氏提出の博士
論文は，博士（理学）の学位論文として合格と認める。 
